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Vbsiract : The current voltage characteristics of metal/conducting polymer Schottky diode are simulated using a Gaussian distribution of burner 
tKicht ^BH), with a linear bias dependence. The calculated data are analyzed in ordei to gel the etfect of standard deviation (SD) on BH, activation 
and the ideality factor over the temperature range 1(X)-3(X)K The analysis has lieen caiiied out-using appropriate values of average of zero bias 
ihe two constant terms ( y  and ^  ) appealing from linear bias dependence of BH and SD The chosen values of y  and arc selected 
:i »Mi nm earlier work on I-V measurements of melal/conduciing polymer (Sn/PAN-PC) film While the abnormal decrease of BH is due to SD, bias 
.It-pcndenie of SD and BH account for the higher ideality factors at low temperatures Also, the role played by diode senes icsistancc lor the non- 
ol the ln(l)-V plots is discussed
Kew^ords . Conducting polymei, Schottky barrier, inhomogeneous banier 
Nos. . 7.3 3 0 +y, 72 XO.Le
i. liitnxiuction
The classical m od el o f  a m eta l sem ico n d u cto r  c o n ta ct (S ch ottk y  
viinde) has a ju n ctio n  w ith  a fix ed  barrier h eigh t (B H ). H ow ever , 
^uch a d escrip tion  fa ils  to  a cco u n t for  the o b serv ed  tem perature  
vlv pcndcnce o f  cu rren t-v o lta g e  (I -V ) ch aracter istics on  the basis  
ihennionic em iss io n -d iffu sio n  (T E D ) lheor>'. T he d iscrepancies  
Have, in fact, b een  attributed  to  the barrier in h o rn o g cn c itic s  
present in the S c h o ttk y  d io d e s . F or  c o n v e n tio n a l in o rg a n ic  
sem iconductors the b a n  ier in h o m o g e n e it ic s  arc d escr ib ed  w ith  
''Onic d istribution  fu n c tio n , e.g. G au,ssian or lo g  norm al [1 -3 ]. 
Hic G aussian d istr ib u tio n  fu n ctio n  is u tiliz ed  to ex p la in  the 
♦^Idlercncc in barrier h e ig h ts  o b se r v e d  from  c a p a c ita n cc -v o lia g e  
and (I -V ) m ea su rem en ts  in sev era l ca ses .
In our ea rlier  w o rk  [4 ] , a s su m in g  the G a u ssia n  d istr ibution  
>1 harrier h e ig h t fo r  m e ta l/c o n d u c t in g  p o ly m e r  (S n /P A N  PC  
voniposiie) ju n c tio n , an a ttem p t w a s  m a d e  to  ex p la in  the reason  
‘>1 abnormal d ec r e a se  o f  B H  and an in crea se  o f  id ea lity  factors 
at low  tem p eratu res. A v era g e  v a lu e s  o f  zero  b ias B H  have  
calculated  fo r  d ifferen t tem peratures in b etw een  100-3(X)K . 
this param eter h a s  b e e n  fo u n d  to  b e  a lm o st tem perature  
‘*^ilependenl it ju s t if ie s  th e  s ig n if ic a n c e  o f  c la s s ic a l term  'fixed
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A n attem pt is m ad e here to  s im u la te  the T V  characlcri.stics 
o f  m eta l/co n d u ctin g  p o ly m er  S ch o ttk y  diode.s on  the b asis o f  
T E D  current eq u ation  15), a ssu m in g  a Gaus.sian d istribution  o f  
barrier h e ig h ts  w ith  linear b ias d c [ien d cn cc  o f  its m ean  and  
standard deviation . T he sim ulated  T V  data are analyzed  in details  
U) ex a m in e  the e f fe c ts  o l d istr ibution  param eters and their b ias 
d ep en d en ces  o v er  a tem perature range 1(K)«300K. T he aim  is to  
id en tify  the factors resp o n sib le  for the ab n o m ia l d ecrea se  in B H  
a n d  th e  s im u lt a n e o u s  in c r e a s e  in IF  w ith  a d e c r e a s e  in  
tem perature.
2, Method of analysis
A cco rd in g  to  T E D  theory, the basic eq u ation  for current d en sity  
(J) o f  a wSchotlky d io d e  is  g iv e n  by  [4 ] :
J = A* e x p ( - ^ ^ , ,  /  kT) [exp{</( V -  / /? j )  /  kT] - 1] ,  (1)
w h ere  <t>^ is  B H , is  sc r ie s  r e s is ta n c e  and k and A *  are  
B o ltzm an n 's and R ich ard son 's con stan t.
A ssu m in g  the linear b ias d ep en d en ce  o f  B H , i.e. (p^  =  +  X V,
here 0/,o is zero  b ia s p H  and Y is  the p rop ortion a lity  co n sta n t, 
eq . ( 1) m o d if ie s  to :
J *  Jo-cxp{q (V -lR s)/rikT }[l-exp{ti(V -lR s)/kT }l(2 )
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where A *  T'  ^cxp(-^0;.„ / k T ) . (3)
is the saturation current at zero bias, and the modified 
ideality factor is given by
t? = l / ( l - y ) .  (4)
Now assuming Gaussian distribution of BH with a mean 
value and standard deviation a,, in the form
/>(0*) = l/(<T,(2;r)''2) e x p [- (0 ,-^ * ) - /2 c r? ] . (5)
the total current density J  in a forward bias V  is given by
(6)
On integration,
J ( V )  =  A *  exp[-(^ / k T )  - a ^ q /  2kT) ]
exp[^(V - l R s ) l  kT]  [l - exp(-f/ ( V  -  IR^) f kT] ] .  (7)
Now, as we have incorporated in eq. (2) the bias voltage 
dependence, this should be extended to the entire Gaussian 
profile. Assuming linear bias dependence on Gaussian 
parameters and such as 0/, ~ 0/,o+7 ^ and 
= 0*0 + V on substitution equation (7) becomes
y(V) = 7o exp[r/{ V-  IRs ) / k T q „ ^ ]
x [l-exp{-^ (V -//?y )/*7 ')]. (8)
where J^ , =  A j  A *  T'  ^e x p  ( - q  0,,,, /  kT) .  (9)
is the saturation current density, <l>„p and arc apparent 
barrier height and ideality factor respectively and are given by 
the following equations :
K p ^ h o - o l q f 2 k T ,  ( 10)
1 / V = ( 1 - 7 )  + <To9^/*-7’ . (11)
Putting = 0.8 eV, y  = o.8() and ^ = -0.010 in eqs. (10) 
and (II), (j>up and have been calculated with different in 
the range of temperatures 1(X) to 300K. Now using eqs. (8) and
(9), the values of current (I) have been calculated in the region 
of 0 to 4 volts. For different a^ , the plots of current (I) against 
voltage (V) are different and same thing also happened for 
different values of scries resistance (R^).
3. Results and discussion
The simulated In(/) -  V curves are shown in Figures 1 and 2 for 
various values of O q and R^ at 200 and 300K. The plots of 
Figure 1 reveal that on increasing <Jq , the linear region is 
gradually shortened. This behavior actually results due to the 
scries resistance Rg associated with each elementary barrier. 
With an increase of cTq, more barriers of low barrier height (that
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arc effective) appear which, in turn, contribute increased current 
at any given bias.
Figure 1. Simulated I V characteristics for various values ot siaii().i!. 
deviation (CTo) at temperatures (a) 200K and (b) 300K lor dilk-un 
values of cr,) ( I  0.08V, 2 0 09V, 3 0.1V, 4 0 11V and -
0 12V).
F ig u re  2. S im ulated  l -V  characteristics fo r d iffe re n t values of 
resistance (R ,)  ( I  0 .00 . 2 O.OOOOOJ, 3 0.00001, 4 0.0001 an^
5 0.001) and standard deviation ( oto) =  O .l V  at temperatures (a) 20^ 1^
and (b ) 300K .
Effect  o f  se r ie s  resis tan ce  an d  sta n d a rd  dev ia tion  on the non linear b eh a vio r  etc
The effect of on ln(/) ~ V plots can easily be visualized 
from Figure 2 at two different temperatures viz 200 and 300K
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BaMcally the reason for the nonlinearity in ln(I) -  V plots arc R^  
W ith increase in R^ the linearity breaks at lower values of forward 
bias whereas for zero value of R^ the plot is almost linear. The 
effect of is not pronounced enough at low bias (upto 2.5 V 
lor 2(X)K and 2.0 V for 300K) when R^ is small. In real samples [4], 
iV, IS much higher i.e., of the order of kilo-ohm at low temperature, 
jn such cases, the deviation from straight line starts from a very 
low value of bias voltage.
The magnitudes of BH and IF are shown in Figures 3 and 4 
respectively as a function of temperature for different Clearly
as the temperature decreases, the BH decreases while the IF 
increases slowly at first but quite rapidly afterwards. Also, the
X  Vaiialion of barrier height with Icinpcralure for different values 
•1 standard deviation ( )  (1 -> 0 08V, 2 0 09V, 3 -> 0 IV, 4 0 11V
.md 0 12V)
Hgure 4. Variation of ideality factor with temperature at different values 
»l Mandard deviaUon ((T,,) 0  0 0 8 V . 2 -♦  0.09V, 3 -♦  O .IV , 4 0 I I V
0.12V).and S
arc greatly pronounced at larger values of The 
corresponding Richardson's plot (Figure 5) show similar 
chatacterislics. As the magnitude of increases, the curve 
^comes more and more nonlinear. Indeed, from the experimental 
data of mctal/conducting polymer Schotlky diode [4] the 
^^ clevant curves match corresponding to G q =0.10,
Figures 6 and 7 show the variation of BH and IF as a function 
ol at different temperatures. In fact these curves follow cifs.
(10) and (II). These parameters arc less sensitive to the at 
higher temperatures but become progressively more O q 
dependent as the temperature is lowered. The relative change 
of BH is more for all the curves (i.e. temperatures) than IF. This 
is because as BH depends square of (eq. (10)) where as IF
1fT(1/K)
Figure 5. Plot ol ln{J/T-) with l/T tor dillercnt values of standard 
deviation (a „ )  (I OOHV, 2 0 09V, 3 - > 0 1 V, 4 0 .11V and 5
0 12V)
Standard deviation (V)
Figure 6. Variation of barrier height with standard deviation ( cT(, ) at 
different temperatures (1 120k, 2 I60K, 3 —♦ 200K, 4 -4 240K and
S 300K)
Standard deviation (V)
Figure 7. Variation of ideality factor with standard deviation { O q ) at
different temperatures (1 —> 120k. 2 —♦ I60K, 3 200K, 4 240K and
5 300K).
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varies linearly with (Tq (eq. (11)). There is a multiplying factor ^ 
(eq. ( I I ) )  but the magnitude o f ^ is less than rr^ .
From the above discussion, it is clear that it is difficult to 
predict any universal relation between BH and IF. They depend 
on distribution function, which in turn, are function of chemistry, 
non-uniformity and other defect properties o f the interface 
region. The effect is more pronounced at low temperature and 
that is why it is difficult to explain the low temperature data 
without a.ssuming a distribution function o f barrier height.
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